Background: Despite the benefits of Antiretroviral Therapy (ART), there is a growing concern of treatment failure. This study aimed to assess viral non suppression rate and factors associated with HIV viral non suppression among adolescents and adults on ART in Northern Ethiopia. Methods: A retrospective cross sectional study was done on 19,525 study subjects. All the data in the database of Tigray Health Research Institute was exported to Microsoft excel 2010 and then data verification and filtration were done before exporting to STATA 14.0 for analysis. Generalized Estimating Equation (GEE) logistic regression was used for statistical modeling of viral non suppression. Results: A total of 5153 (26.39%; 95%CI (25.77%, 27.02)) patients had no viral suppression despite being on ART. Being male (AOR = 1.27, 95% CI: 1.18, 1.37), 15-19 years of age (AOR = 4.86, 95%CI: 3.86, 6.12), patients from primary hospital (AOR = 1.26, 95%CI: 1.05, 1.52), WHO staging II (AOR = 1.31, 95%CI: 1.10, 1.54), poor ART adherence level (AOR = 2.56, 95%CI: 1.97, 3.33), fair ART adherence level (AOR = 1.61, 95%CI: 1.36, 1.90), baseline CD-4 count of < 200 cells/micro liter (AOR = 1.33, 95%CI: 1.14, 1.54), recent CD-4 count of < 200 cells/micro liter (AOR = 3.78, 95%CI: 3.34, 4.27), regimen types: 1c (AZT-3TC-NVP) (AOR = 1.32, 95%CI: 1.22, 1.44), 2 h (TDF-3TC-ATV/R) (AOR = 1.79, 95%CI: 1.27, 2.52) and declined immunological responses after ART initiation (AOR = 1.45, 95%CI: 1.30, 1.61) were significantly associated with viral non-suppression. Conclusions: The virological non suppression was high which makes it less likely to achieve the third 90 UNAIDS target. Being male, patients with WHO staging II and poor ART adherence level were significantly associated with viral non suppression. Therefore, intensive adherence support and counseling should be provided. It is also a high time to determine the antiretroviral drugs resistance pattern given the fact that a large number of patients had virological non suppression.
Background
Globally, among the 36.9 million people living with Human Immunodeficiency Virus (HIV), only 21.7 million were accessing ART in 2017. About 1.8 million people were newly infected with HIV and one million people died from Acquired Immune Deficiency Syndrome (AIDS) related illnesses in 2017 [1] . In Ethiopia, there were 39,140 new HIV infections and 28,650 HIV/AIDS deaths in 2015 [2, 3] . The percentage of people living with HIV among adults (15-49 years) in Ethiopia were 1%. The number of new HIV infections has decreased, from 29,000 to 23,000 in 2018 [4] .
According to the UNAIDS report, strong domestic and international investment has stimulated steep declines in HIV infections and deaths from AIDS related illness in eastern and Southern Africa including Ethiopia [5] . However, there are some evidences which showed that the incidence and prevalence of HIV are increasing in Ethiopia and Tigray region in the past three years [6, 7] . According to a study conducted in 2017/18, in urban Ethiopia, among adults aged 15-64 years, the prevalence of HIV ranged from 0.8% (in the Ethiopian Somali region) to 5.7% (in Gambella region) and the same study reported that the prevalence of HIV in Tigray region was 2.7% [6] . Antiretroviral treatment began in 2003 and free ART was launched in Ethiopia in 2005. An estimated 738,976 Ethiopians are currently living with HIV and all of them require ART. However, only 426,000 are currently taking ART [8] . It was estimated that about 79 and 65% of people living with HIV knew their status and were on HIV treatment respectively [4] . The ART coverage in Ethiopia was moderate (52%) [3] , 86 and 20% among adult and child population respectively [2] . In a recent report, a total of 64,791 people were living with HIV and there are 39,960 patients on ART care (61.7% coverage) in Tigray [7] .
People living with HIV infection require ongoing HIV care and access to medications to maintain continuous maximal virological suppression, allow immune reconstitution, minimize the risk of resistance emergence, prevent HIV-related morbidity and mortality, and prevent transmission of drug resistant HIV mutations [9] [10] [11] [12] . Monitoring individuals receiving ART are important to ensure successful treatment, identify adherence problems, and determine whether and which ART regimens should be switched in case of treatment failure. Viral Load (VL) testing should be used aside from the routine testing schedule whenever there is clinical or immunologic suspicion of treatment failure [8] .
The World Health Organization (WHO) recommends, where possible the VL of individuals receiving ART be measured every 6 months to detect viral replication and confirm treatment failure [13, 14] . In Low and Middle-Income Countries (LMICs), an elevated or nonsuppressed VL Ribo Nuclic Acid (RNA) copies (> 1000 copies/ml in plasma) in a patient who has been on ART for at least six months [14, 15] is an evidence of failing to viral suppression or rebound [16] . This indicates either therapeutic failure and/ or poor adherence to treatment [14, 15] . ART initiation and monitoring in most developing countries was based on the WHO clinical and immunological approach. However, as this approach lacks VL determination, HIV infected adults and children may be at risk of unrecognized virologic failure and viral rebound [17] .
Despite the benefits of ART, there is a growing concern about treatment failure, drug resistance, and late drug toxicities associated with long-term use of ART [16, 17] , mainly in eastern and southern Africa [18] . Some documents from some African countries have shown that almost 30% of patients develop viral failure within six years after starting ART [19] . A study from Uganda showed young age, poor adherence, and having active TB increased the odds of virological nonsuppression while second/third line ART regimens were protective against non-suppression [20] . The emergence of drug resistant viruses limits the treatment option and increases the threat of morbidity and mortality [21] .
There was a study in Tigray, however the study was conducted in specific health care facilities with small sample size, which could not show viral non suppression status at region level [22] . In addition to that, factors leading to viral non-suppression may vary across different settings and population groups and hence a context specific data are critical to the implementation of corrective measures against viral non suppression. Thus, this study was aimed to assess viral suppression and factors associated with HIV viral non suppression among adolescents and adults on ART in Tigray, Northern Ethiopia. The finding of this study would help in tracking the progress towards the third of the 90-90-90 UNAIDS plan.
Methods

Study setting and data sources
A retrospective cross sectional study was conducted from April, 2015 to March, 2019 at Tigray Health Research Institute (THRI) which is the only center for VL determination specifically for Tigray region and some parts of Northern Ethiopia. Tigray region is the 6th largest by area and the 4th most populous of the 9 Regional States of Ethiopia [23] . ART treatment response follow up by VL determination was started in April 2015 in Tigray region as part of the intensive program of the three 90's. Blood samples are sent through a sample referral form to the regional laboratory for VL determination from all the health care facilities offering HIV ART services. The samples come from all over the region from both private and government health facilities offering HIV ART services. The sample referral form contains the following information: name of the patient, Medical Registration Number (MRN), Unique ART number, name of the health facility, some demographic data, clinical, treatment, baseline and recent CD-4 count and reason for determining viral load. The source of the data was from all the people living with HIV, enrolled in ART care for at least 6 months whose blood sample was sent for VL determination through standard sample transportation technique to the regional laboratory/ THRI from April, 2015 to January, 2019. The study was done among 19,525 patients which had complete data on demographic, clinical, immunological, and viral load in the database of THRI.
Eligibility criteria Inclusion
Patients who stayed for at least six months in ART care
Exclusion
Repeated data was excluded and only the recent VL test was used for the single patient Subjects younger than 15 years old were excluded from the study
Sampling procedure
This study was part of the previously published study. To come up with the sample, all records in the database were reviewed and then all samples which came from other regional states were excluded from the study. Finally, all the data that fulfill the eligibility criteria were included in the study (Fig. 1) [24] .
Operational definitions
Good adherence: Drug adherence of 95% or ≤ 2 missed drug doses of 30 doses or ≤ 3 missed drug doses of 60 doses.
Fair Adherence: Drug adherence of 85-94% or 3-5 missed drug doses of 30 doses or 3-9 missed drug doses of 60 doses.
Poor Adherence: Drug adherence of < 85% or ≥ 6 doses of missed ART drug doses of 30 doses or > 9 doses missed ART drug doses of 60 doses.
Viral non-suppression: An elevated VL Ribo Nuclic Acid (RNA) copies of > 1000 copies/ml in plasma in a patient who has been on ART for at least six months.
Declined immunological response: A recent CD4 count of less than the baseline CD4 T-cells count statistically.
Same immunological response: the same recent CD4 count compared to the baseline CD4 T-cells count statistically.
Enhanced immunological response: A recent CD4 count of greater than the baseline CD4 T-cells count statistically. Data collection tools and procedure
The data were collected from the database using a data retrieval checklist. The retrieval checklist contains the following variables: name of the health facility (Type, ownership and military or nonmilitary health care facility), some demographic data (age and sex), clinical (WHO staging and ART adherence), treatment (ART regimen), baseline and recent CD-4 count and reason for determining VL. The dependent variable was VL, which was part of the retrieval checklist. All the data in the database were exported to Microsoft excel 2010 and then data verification and filtration were done before exporting to STATA 14.0. Laboratory testing methods: RNA extraction and Plasma VL determination were made from samples of plasma of each patient sent to THRI. HIV-1 RNA was extracted from 0.2 ml of plasma using Abbott m2000sp automated sample preparation system (Abbott Molecular, USA) in THRI. Extracted RNAs were measured using Abbott m2000rt quantitative Real Time HIV-1 assay (Abbott Molecular, USA) with HIV-1 RNA detection level of 40 to 10 million copies/ml based on the manufacturer's procedures. Immunological response after ART initiation was assessed by subtracting the baseline CD-4 count from a recent CD-4 count; categorized as deteriorated, the same, and positively responded mathematically.
Data quality assurance
Data completeness and consistency was checked in the Microsoft excel. The normality of the data set was checked by histogram and normal probability plots. High and low positive controls were checked before performing patient sample for VL determination in THRI. However CD-4 count quality controls were done based on low, medium and high controls to evaluate run validity in each laboratory, where the CD-4 count was done. The results of the baseline and recent CD-4 count of each client was sent via the request form for VL determination to THRI.
Data analysis
Analysis was done using STATA-14.0 to estimate the proportion of patients with virological non-suppression, and to identify factors associated with virological nonsuppression. Univariate analysis was used to describe the socio-demographic and clinical characteristics of the study population.
The proportion of Virological non-suppression was obtained from the total number of patients with no viral suppression divided by the total number of patients tested. The proportion of viorological non-suppression was further evaluated by age group, sex, adherence levels, pregnancy status, breast feeding status, WHO staging, CD-4 baseline, CD-4 recent, immunological response status, regimen, treatment line, reason for VL test, health facility ownership and health facility level. The outcome variable of viral suppression status was categorized based on WHO categorization for LMICs. Missed values were filtered and excluded for all variables; hence there was no issue of missing values in the final data set. The outcome variable was a dichotomous outcome (1 = VL non suppressed and 0 = VL suppressed). The analytic approach used to model this data was the logistic GEE, which takes into account the correlated nature of the outcome variable. The order of responses within a cluster was arbitrary; therefore it was considered exchangeable and independent correlation structures. The specified probability distribution was binomial with logit link function and the working correlation matrix structure was exchangeable. The covariance matrix was robust estimator and the scale parameter was Person chi-square (χ2). The main effect was the term used to build the reported model, and Kernel was specified for the log quasi-likelihood function.
Statistical significance was considered at p-value ≤0.05 (two-sided) in all tests. Bivariate analysis was used to determine the strengths of the association between the independent variables and the outcome variable (virological suppression status). Crude odds ratios (COR) were calculated at the bivariate logistic regression. All significant variables at P-value ≤0.05 in bivariate analysis were entered into the multivariable analysis. Multivariable logistic regression was used to identify factors independently associated with viral non-suppression. The predictor variables were declared at p-value ≤0.05 in the multivariable analysis. As pregnancy, and breastfeeding status applies to females, both variables were excluded from statistical model building of the multivariable analysis. Variables which have a collinearity effect were removed/ omitted in the statistical modeling of the virological non suppression.
Results
Patient characteristics
A total of 19,525 individuals were included in the study. The median age (IQR-Inter Quartile Range) of the study participants was 38 (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) years. Females accounted for 65.9% of the study participants. About 11,959 (61.25%) of the VL was determined for routine First VL (6 months or more on ART). Only 95 (0.75%) and 202 (1.57%) were pregnant and lactating mothers respectively.
A total of 18,671 (95.63%) people living with HIV were getting ART service at governmental health care facilities. Almost half of the patients (50.34%) were receiving health care service in the general hospitals. The share of private clinics in the provision of ART care was limited where only 43 (0.22%) patients were getting the service at private clinics.
Most of the patients, 18,517 (94.84%) had a good drug adherence. The median (IQR) of the baseline CD-4 count was 201 (112-341). Similarly, the median (IQR) of the recent CD-4 count was 423 (264-611). Almost half the clients, 9390 (48.09%) were on 1e (TDF-3TC-EFV) regimen. A total of 19,284(98.77%) patients were on first line ART regimen (Table 1) .
Proportion of viral suppression and non-suppression
Out of the total study participants enrolled in ART care, 14,372 (73.61%) had viral suppression. However, a significant number of patients, 5153 (26.39%; 95%CI (25.77%, 27.02)) had no viral suppression (Fig. 2) .
Factors associated with viral non-suppression
The bivariate logistic regression analysis showed that gender, age, patients from governmental health care facilities, patients from primary hospitals, patients from non-military health care facilities, WHO staging II, WHO III, ART adherence, virological test reason, baseline CD4 count, recent CD4 count, 1c (AZT-3TC-NVP) ART regimen, 1d (AZT-3TC-EFV) ART regimen, 1f(TDF-3TC-NVP) ART regimen, 2f (AZT-3TC-ATV/r) ART regimen, 2 h (TDF-3TC-ATV/r) ART regimen, treatment/ ART regimen and immunological response after ART initiation were associated with viral non suppression (Table 1) .
After adjusting for possible effects of confounding variables in the multivariable analysis, being male in gender (AOR = 1.27, 95% CI: 1. 18 (AOR = 1.31, 95%CI: 1.16, 1.48), 1f (TDF-3TC-NVP) (AOR = 1.30, 95%CI: 1.16, 1.46), 2 h (TDF-3TC-ATV/R) (AOR = 1.79, 95%CI: 1.27, 2.52) and declined immunological responses after ART initiation (AOR = 1.45, 95%CI: 1.30, 1.61) were significantly associated with viral non-suppression (Table 1) .
Discussion
This study was conducted to estimate the proportion of patients with virological non suppression and identify factors associated with viral non-suppression among HIV infected adolescents and adults on ART. The study revealed that 26.39% of them had viral non-suppression and only 73.61% of them have viral suppression. After adjusting for possible effects of confounding variables, gender, age, patients from primary hospital, patients from nonmilitary health care facility, WHO staging II, ART adherence level, viral load test reasons, baseline CD-4 count, recent CD-4 count, regimen types: 1c (AZT-3TC-NVP), 1d (AZT-3TC-EFV), 1f (TDF-3TC-NVP), 2 h (TDF-3TC-ATV/R) and declined immunological responses after ART initiation were significantly associated with viral non-suppression.
The viral suppression rate in this study is low compared to the UNAIDS 90% target for viral suppression on ART [25] . An elevated VL indicates poor adherence or resistance [26] [27] [28] . The overall proportion of nonsuppression was higher compared to the study conducted in Uganda 11% [20] , Systematic review on viral non suppression rate in low or middle-income countries of the pooled estimate had 16% [29] , African cohort 9% [30] , Nepal 9.92% [31] and Ethiopia 10.4% (self-report) [6] and 19% [1] and 11.5% in Mekelle public hospitals, Tigray, Ethiopia [22] . However, there is a slight agreement with a report from Tigray region, Ethiopia which was 29.8% [6] . These variations of the virological non suppression rate might be due to study design differences which were based on self-report of the patients on ART care [6] or differences in the quality of care in service delivery like counseling and adherence support activities among the different study settings.
This study revealed that the likelihood of developing viral non suppression for male patients was 1.27 times (AOR = 1.27, 95% CI: 1.18, 1.37) more likely when compared with female patients. This finding is in line with studies conducted in Mekelle, Ethiopia [22] , worldwide systemic review [32] , Nigeria [33] , Burkina Faso [34] , and Swaziland [35] . The reason why males were prone to viral suppression might be due to low health seeking behavior [33] [34] [35] [36] . This study found that the likelihood of developing viral non suppression for patients aged 15 to 19 years was almost 5 times (AOR = 4.86, 95% CI: 3.86, 6.12) more likely when compared with patients aged ≥50 years. A similar study conducted in Uganda [20] and the United States (US) [37] reported that older patients were more likely to achieve viral suppression. Studies have identified alcohol consumption, recreational drug use, low socioeconomic status and age transition contributes to non-adherence and hence virological non suppression among younger age groups [38] [39] [40] [41] . Stigma, fear of disclosure, and stress may also affect younger people more than their older counterparts [42] . Young people can be kept in care by using peer supporters, social workers, and training on disclosure among health workers has been reported to contribute to improve ART adherence and hence better virological outcomes [43] . This study revealed that the likelihood of developing viral non suppression for patients from nonmilitary health care facilities was 1.47 times higher (AOR = 1.47, 95% CI: 1.15, 1.89) more likely when compared with patients from military health care facilities. There were no accessed studies on the association of viral non suppression and patients cared at military facilities. But this might be due to better drug adherence among patients receiving ART care in military facilities or as most of the patients who are cared at military facilities might be from the military staff and military staff might be strict in adhering to the ART drugs. The other reason might be due to better nutritional access among the army staff members. The likelihood of developing viral non suppression for patients in WHO stage II was 1.31 times (AOR = 1.31, 95% CI: 1.10, 1.54) more likely when compared with patients in WHO stage I. However, other studies revealed that WHO stage was not associated with virological [22, 44, 45] . This variations might be due to use of different WHO definitions or variation in practice among the different health care providers. Patients who were poorly adherent to the ART drugs were 2.56 times (AOR = 2.56, 95% CI: 1.97, 3.33) more likely to have viral non suppression as compared with patients with good adherence. Other studies have also reported that poor adherence to treatment is positively associated with virological treatment failure [30, 44, 46] . This is because, as the drug concentration decreases in the blood, HIV RNAs might not be suppressed which in turn leads to increase in viral load. Patients who had a baseline CD4 count of < 200 cells/ mm3 were 1.33 times (AOR = 1.33, 95% CI: 1.14, 1.54) more likely to have viral non suppression compared to patients with ≥500 CD4 count at baseline. This study is in line with studies which showed that CD-4 count < 200 cells/mm 3 was associated with viral load non suppression [44, 45] . The possible reason might be that viral clearance might be slow in patients on ART with low number of CD-4 T-cells count. Patients who had a recent CD4 count of < 200 cells/mm3 were 3.78 times (AOR = 3.78, 95% CI: 3.34, 4.27) more likely to have viral non suppression compared to patients with ≥500 CD4 count. Similar studies revealed that recent low CD-4 count were positively associated with viral non suppression [44, 45, 47, 48] . The possible reason can be, in the presence of immune reconstitution, viral load decreases.
This study showed that the likelihood of developing viral non suppression in patients who were on 1c (AZT-3TC-NVP) regimen were 1.32 times higher (AOR = 1.32, 95% CI: 1.22, 1.44) when compared with patients who were on 1e (TDF-3TC-EFV) regimen. A similar study in Nepal reported that 1e (TDF/3TC/EFV) regimen had a better virological response among Nepalese people living with HIV (PLHIV) [30] . However, other studies reported no association between the ART regimens used and viral non suppression [22, 44] . This variation might be due to genetics and socio demographic variations among the different study settings. All these variables may lay to viral non suppression.
Strengths and limitations of the study
The study was done in relatively higher sample size with appropriate analysis technique that provides important information regarding sustainability of ART treatment program in Tigray, Northern Ethiopia. Despite these strengths, the study was not without limitation. The VL analysis was based on a single test, hence it may not properly show treatment failure precisely. In addition, due to the nature of a secondary data, the analysis misses some important variables such as the existence of co-infection and grade of ART experience in the HIV infected patients.
Conclusions
The virological non suppression was high which makes it less likely to achieve the third UNAIDS 90 target. Being male, patients in WHO staging II and poor ART adherence level were significantly associated with viral non suppression. Whereas, patients receiving ART service from military health care facilities, patients with≥500 CD4 baseline count, patients with ≥500 recent CD4 count, 1e regimen and immunological response after ART initiation were significantly associated with viral suppression. Therefore, intensive adherence support and counselling should be provided to achieve the UNAIDS target. It is also high time to determine the antiretroviral drugs resistance pattern given the fact that a large number of patients had virological non suppression.
